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Abstract 
This article describes the part of the solution of effective assessment with the support of technology. It is a part of a complex 
solution containing model of teaching, which includes the assessment with the support of technology, verification of the model 
by implementing in selected mathematics courses, adaptation of teaching model based on the results of the experiments, and 
development of recommendations and application for other subjects of study at the Faculty of Material Science and Technology, 
Slovak University of Technology (MTF STU) in Trnava. 
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1. Introduction 
Student’s assessment is an important part of effective learning process. (Andrade-Aréchiga, López, & López-
Morteo, 2012) Recently it is possible to notice that the role of ICT in assessment rose in extent that we can speak 
about e-assessment. (Blanco & Ginovart, 2012)  
Assessments with technologies support were defined as those that integrates authentic experiences, involving 
digital media, with incorporation of performance measurement, learning and knowledge, which creates a detailed 
record that can be analyzed and immediately used its results by teachers and students to improve education.(Webb, 
Gibson, & Forkosh-Baruch, 2013) In order to measure complex learning outcomes, it is necessary to develop 
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alternative approaches to evaluation as well as evaluation tools that overcome the limitations of current evaluation 
systems and will be based on an understanding of the impact of ICT on education. (Erstad, 2008) Daly et al. (2010) 
indicate that the use of ICT in assessment blurs the boundaries between formative and summative evaluation. 
Adaptability is becoming an essential feature of e-assessment, because the resulting feedback is used by students to 
adapt their concepts and approaches to tasks and by teacher to adaptation of tasks to the needs of the students. This is 
in accordance with the concept of self-directed education. (Pokorny, 2012) 
Extended use of technology caused frequent usage of tests for assessment, as well. (Ferrão, 2010) When the 
number of students is high, teacher can be overloaded with tests evaluation. (Webb et al., 2013) (Országhová, 
GregáĖová, & Matušek, 2013) Academic information system that has component for the tests generation and 
evaluation can help with this task. Disadvantage of this approach is that the number of students simultaneously 
undergoing test is limited to the number of working places in the lab. That was a reason why we decided to use 
scanners and recognition techniques in the form of assessment system designed to break this dependency. 
Specialized scan software and hardware has been integrated with Academic information system so that together they 
can generate, evaluate, and archive tests. To be sure that the assessment of students will reveal their real knowledge 
and skills a research project was carried out during 2012 – 2013 - 2014 academic years. 
2. Purpose, research context and methodology   
Following questions have form the essence of research: 
1. Does different form of test tasks influence students score in tests? 
2. Are the students’ results influenced by time when they are tested (during semester tests or final test)? 
3. Are there any differences between men and women in solving different test tasks? 
4. Is the succeed rate of students in tests dependent on the kind of secondary school they graduated? 
Teaching model contains teaching and assessment blocks and database of tasks that requires application of 
knowledge. Model stresses continual learning, activity, independence, and creativity.(Mišút & Mišútová, 2013) 
Educational process has been massively supported by technology. Students had the package of educational e - 
materials at their disposal. This package includes educational content, additional interactive teaching materials, e- 
lectures, e-presentations from lectures, application of knowledge (file of key solutions, activating exercises in the 
form of e-textbook), and self-evaluation tasks – interactive self-tests.  
Proposed teaching model (Mišútová & Mišút, 2012) was applied in mathematics courses during 2012/2013 
academic year in the first year of study. On the base of gained results, the model was adjusted and used during 
winter semester of 2013/2014 academic year.  
Students undergo three so called mini-tests (four closed-ended tasks, 10-15 minutes in total) as well as checking 
tests (Test 1-2, Test PC) in the 5th and 10th week of semester, and test with mathematical software support (WinPlot 
and Maxima) where tasks were open-ended.  
In order to succeed in math courses, the student has to be successful in both components that form assessment. 
Students can earn totally 40 points during course. The emphasis during the whole teaching process is put on activity, 
creativity and self-activity of students. The results achieved in the post-test (as a part of math course final 
examination) that is aimed to verify students´ ability to apply the acquired knowledge, are essential for assessment. 
Students can earn maximum 60 points in this final test. To successfully pass math course students must earn at least 
56 points. 
Three mini-tests containing multiple choice questions, two tests with open-ended tasks and one PC test where 
students solve an open-ended problem with the use of mathematical software WinPlot and Maxima have been used 
during the term to answer research questions. Test with multiple choice questions, evaluated by advanced scanning 
and recognition technology, students had taken in the exam period. This test is designed on the basis of tests quality 
criteria and satisfies requirements of content validity. It means that test evenly covers the learning content and 
measures its acquirement at the required level, according to the taxonomy of educational objectives. Skills and 
creative application of knowledge is tested. All versions of final test are equivalent.  
302   Maria Misutova and Martin Misut /  Procedia - Social and Behavioral Sciences  177 ( 2015 )  300 – 305 
Final test contains 12 multiple choice questions, each for 5 points. The correct answer will give the student 5 
points, unmarked 0 points and incorrect answer will take student 1.67 points. Negative points must be given to 
prevent from guessing the answers. If a student answers the test so that the result is a negative number, percentage of 
the test solution is 0%. Reserved time for test is recommended to be at least double the time the teacher needs to 
solve the test. Teacher solved the test in 16 minutes, then student time was set to 75 minutes to finish test, while 
student can complete the necessary data (name, identification number etc.) prior the start of the countdown time. 
Students are required to submit test together with the calculations they made in order to select the correct answer in 
the test. The final test was designed so that if a student has made a numeric error but understands the mathematical 
concept, he still has possibility to obtain a sufficient number of points to passing the test. In case he/she was able to 
solve only a part of the task and did not get the result, it was due to insufficient knowledge, which would be fully 
reflected in other subjects of study, as well. Furthermore, for future graduate – engineer, it is important not only 
method but the results, as well. 
The group of respondents consisted from 595 students (421 men, 174 women) from nine different bachelor study 
programs at MTF STU in the first year of study. Eighty-one per cent of the students graduated from secondary 
vocational schools (STS), only 19% from respondent graduated at Gymnasiums. 
a
 
b
 
Fig. 1 Structure of respondent group (a) gender proportion; (b) type of secondary school proportion 
Students had to provide not only answer test forms, but also all calculations that helped them to find answer. The 
F-test and two-sample t-test have been used for statistical verification of hypotheses. 
3. Results 
A graph of the relative success of the various tests that were part of knowledge assessment within the proposed 
model of teaching is shown in Fig. 2. The graph shows that there is no big difference in the mean score of solving 
the mini-test and test. These include various forms of tasks. Mini-tests contain closed-ended tasks, which can be 
evaluated efficiently with the support of technology, the test contained open-ended tasks, which compared with the 
assessment of closed tasks is less objective. Difference between these values was not statistically significant at the 
significance level Į = 0.05. The same applies to the score in the test, where students solve problems with PC support. 
There has been statistically significant difference on level of significance Į = 0.05 between test results during 
course and final test. Final test score was significantly lower than mean score reached during course (see Fig.2). 
Statistically significant difference at the significance level Į = 0.05 was between mean score in tests during the 
term, i.e. mini-tests, tests, test PC and mean score in the final test, which contained closed multiple choice questions 
and was evaluated with the support of technology. (Fig. 3) A lower performance of students can be caused by several 
factors. One factor from others may be that the performance of students in the test during the examination period is 
also affected by other cause, such as stress from exams or students´ fatigue, because the final test during the 
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examination period contained three times as many tasks as the tests used in the continuous assessment (during 
course). These findings need future research to find more precisely the reason for such drop in tests scores. 
 
Fig. 2 Relative score in different tests 
Women reached lower mean score in mini-tests, test PC and final test than men, but the difference has not been 
statistically significant. Difference in checking test scores between men and women was not statistically significant, 
as well, but women slightly outperformed men. (See Fig. 3) 
 
Fig. 3 Relative scores of men and women 
Difference of relative scores in continuous assessment tests between graduates of STS and Gymnasium has been 
statistically significant on level of significance Į = 0.05. Graduates of Gymnasium outperformed graduates of 
secondary vocational school in final test, but difference has not been statistically significant on level of significance 
Į = 0.05. (See Fig. 4) 
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4. Conclusions and areas for further investigation  
Our experience (Mišútová & Erentová, 2002) showed that e-assessment is suitable for massive teaching of 
engineering mathematics, does not lead to major technical difficulties and can be motivating for students. In addition 
to these advantages, e- assessment can lead to cost savings, at least over extended periods of use. (Horváth, Mišút, & 
Pokorný, 2003) 
Form of test tasks i.e. open-ended versus closed-ended tasks does not influence students’ performance in tests, as 
confirmed research results. It is in accordance with the results of the Hewson study (2012). 
There was no statistically significant difference in either group of students - graduates of secondary vocational 
school, or group of students - Gymnasium graduates, between success in mini-tests containing multiple choice 
questions evaluated by using technology and success in the tests containing open tasks evaluated in the traditional 
way. However, testing with the support of technology makes it significantly more effective and objective. 
 
Fig. 4 Relative scores of STS and Gymnasium graduates 
Research also confirmed that there is not statistically significant difference in performance between men and 
women, which is consistent with the findings of Hyde et al. (Hyde, Lindberg, Linn, Ellis, & Williams, 2008) that the 
gap between women and men in mathematical performance decreases in recent decades, but is not yet fully 
eliminated. 
However, results showed up that there is a statistically significant difference in the performance of graduates of 
grammar schools (Gymnasium) and secondary vocational schools. The research results also indicate that students' 
performance in continuous assessment tests are higher than in the final evaluation tests. Those results, along with the 
search for causes of drop in scores, need confirmation by further research. 
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